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The Uranyl Nitrate-Water System Above 60°!
By W. L. MarsHaLL, JR., J. S. GiLL anp C. H. SEcoy

Although there are some data in the literature®-5
for the solubility of uranyl nitrate in water, the dis-
crepancy of these data indicated the necessity for a
check on the measurements. We have measured
the solubility from the incongruent melting point of
the hexahydrate at about 60° to the melting point
of the dihydrate at 184°. Our results show a lower
solubility than that given in most of the earlier data
and also indicate an incongruent melting point for
the trihydrate rather than the congruent point in-
ferred in some of the previous work. The system is
thermally stable up to the revised melting point of
the dihydrate. Above this point decomposition of
the nitrate ion occurs.

(1) This document is based on work performed under Contract
Number W-.7405 eng 26 for the Atomic Energy Commission at Oak
Ridge Natione! Laboratory. Presented before the Division of Physical
and Inorganic Chemistry at the 118th Meeting of the American Chemi-
cal Society, Chicago, Illinois, September 3-8, 1950.

(2) Von Alfred Benrath, Z. anorg. allgem. Chem., 349, 245 (1942).

(3) O. Guempel, Bull, soc. chim., Belg., 88, 443 (1929).

(4) J. A, Lane, Plutonium Project Handbook, Revised Edition,
CL-607, Ch. 2, “Physical and Chemical Properties,” May, 1045.

(8) A.Wasilie®, J. Russ. Phys.-Chem. Soc., 43, 570 (1910),
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Experimental.—Malliuckrodt C.p. uranyl nitrate hexa-
hydrate was used for the preparation of uranyl nitrate di-
hydrate and for the preparation of solutions which contained
more water than the hexahydrate composition. The dihy-
drate was prepared by dehydration of the hexahydrate at
115-120°, the product being kept under vacuum. Analysis
of the dibydrate showed 55.349, uranium (theoretical
55.36%) .

Since the presence of an amount of either UO; or HNO; in
the salt would be expected to have a measurable effect on
the solubility, the ratio of UO; to HNO; was checked by
comparing the titration curve of a prepared salt solution
with those obtained with solutions to which a weighed
amount of UQ; had been added. The solutions were titrated
with standard nitric acid using a glass electrode pH meter.
A sample titration curve of a UO,(NO;), solution containing
an amount of added UQ; is shown in Fig. 1. In this manner
the stoichiometric end-point pH for a solution of a given
concentration was determined. Solutions of this concen-
tration prepared from the reagent uranyl nitrate were found
to have this same pH value, thus indicating that the salt
contained neither UQ; nor excess acid as impurity.

10 e SOLUTION?
0.0408 MOLAR UOz(NO3jp
0.00377 MOLAR UQ3
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Fig. 1.—The titration of an aqueous UOy(NO;);-U0; solu-
tion.
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The apparatus for the solubility measurements consisted
of a 200-cc. round-bottom flask to which was sealed a side
arm containing a large-bore stopcock. This side tube was
scaled to the bottom of a 400-cc. beaker over the mouth of
which was fitted a rubber glove. By manipulating a pipet
through the rubber glove, liquid samples could be
transferred from the flask to tared weighing bottles,
previously placed in the beaker, without exposing the
sample to the atmosphere. The neck of the flask was
attached by a standard taper joint to an adapter with
a tru-bore tube throuigh which a stirrer operated. A
side arm from the adapter led first to a trap contain-
ing standard ceric sulfate solution, then to a second
trap containing ferrous sulfate solution and finally to
a rough vacuum pump. The solubility flask was im-
mersed in a constant temperature bath controllable
to =0.1°. The temperature of the bath was meas-
ured with a Bureau of Standards calibrated mercury
thermometer or by a mercury thermometer which
was calibrated in this Laboratory against a Bureau
of Standards certified platinum resistance thermome-
ter.

The procedure for making a run was as follows.
Uranyl nitrate hexahydrate was placed in the flask;
the flask was attached to the line in position in the
thermostat set at the desired temperature. A par-
tial vacuum was applied to the molten hexahydrate
and the liquid was stirred vigorously until crystalli-
zation began. The vacuum line was then closed and
air, dried by passing through sulfuric acid, calcium
chloride and calcium sulfate sticcessively, was admitted
to the system. After an additional period of stirring, usuaily
40 to 50 minutes, samples of the clear solution were trans-
ferred to tared weighing bottles through the large bore
stopcock as described above. The weighing bottles were
closed with ground glass stoppers before removal from the
apparatus for weighing. The uranium content was deter-
mined by ignition of the sample at 900° to U;Os. The
attainment of equilibrium was checked by the analytical
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agreement of samples taken after various time intervals.
The results show that 10 to 15 minutes of stirring was suffi-
cient,

The purpose of the standard ceric sulfate and ferrous
sulfate in the gas train was to detect thermal decomposition
of the nitrate ion if it should occur. Any liberated nitrogen
dioxide would reduce ceric ion and nitric oxide would yield
the red complex, Fe(NO)SOy, in the ferrous sulfate solution.
TII? excess ceric ion was back-titrated with standard ferrous
sulfate.

TaBLE 1
THE SOLUBILITY OF URANYL NITRATE IN WATER, 60-184°

Temp., Liquid, % Solid, % Solid phase
°C. UO0(NOs): TVO:(NO3)e composition
70 77.25 UOy(NO;);-3H,0
77 87.08 (theor., 87.95) UOy(NO;)%3H:0
77.2 78.49 UOy(NO; )2 3H,0
85  79.92 UOy(NO,);-8H:0
90.5 80.98 UO0y(NOy);-3H:0
92  81.37 87.05 U0y NO;)y-3H:0
100 82.57 UOy(NOs)s-3H:0
110 84.14 UOy(NO;3)y-3H,0
113°  84.67 UOy(NO,)-3H:0 -+
UOy(NOy,)-2H,0
120 85.25 TOy(NOy)-2H,0
130 86.13 U0y NOy)y-2H0
133 86.54 U0y(NO;)2-2H;0
137 87.07 TUO0y(NOs)z-2H:0
141.2 87.02 U0y NOs)e-2H 0
141.5 90.58 (theor., 91.63) UOy(NO;)-2H,0
147  87.75 UOy(NO;)2-2H:0
154.5 88.23 UO0y(NO;3)e-2H:0
159 88.74 UOy(NO,),-2H30
160 88.94 UOy(NQ;)-2H.0
165.5 89.22 UQy(NO;y),-2H:0
172 89.92 UOy(NO;z).-2H:0
180 90.78 UOy(NOy)-2H,0
181 91.01 UO0y(NOs)y 2H0
184" 91.63 U0 NQ;):-2H,0

¢ Intersection point for incongruent melting point, tri-

hydrate. b True imelting point, dihydrate.
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Fig. 2,—The solubility of urany! nitrate in water.

A bent spatula was used for sampling the solid phase.
After removal from the system, the crystals were quickly
dried between filter paper and weighed. The uranium con-
tent was determined by ignition to UyOs.

The melting point of the dihydrate and the incongruent
point for the trihydrate were determined by sealing samples
of appropriate compositions in capillary tubes and observing
the temperature at which melting first occurs, The dihy-
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drate was prepared by dehydration of the hexahydrate at
115-120°. Compositions near that of the trihydrate were
prepared by adding water with a micropipet to a sample of
the dihydrate. The mixture was then finely ground and a
sample taken for analysis simultaneously with the sealing
of the material in the capillary tube.

Discussion.—The solubility and solid phase
data given in Table I and shown graphically in
Fig. 2 are the results of five separate experimental
runs which overlap. Some of the values were
obtained going up the temperature scale and some
by proceeding from a higher to a lower tempera-
ture. No decomposition of uranyl nitrate was
detected below 184° either by visual observation or
by titration of the standard ceric sulfate solution
contained in the gas train. Above 184° the dihy-
drate decomposes giving oxides of nitrogen.

The melting point data for the dihydrate and the
trihydrate are given in Table II. These values
check those obtained by extrapolation of the solu-
bility curves.

TasLe I1
MELTING POINT DETERMINATIONS

Weight 9%, UOy(NO;), 87.2 87.5 89.1 89.9 91.63
First observed melting,
t., °C. 113 113 113 112 184

Data available from the literature®%4% are also
shown in Fig. 2 and serve to indicate the amount of
deviation from our values. Wasilieff® gives 121.5°
as the trihydrate melting point compared to our
value of 113° (incongruent point). Benrath? gives
187°, and Wasilieff® 179.3°, as the dihydrate melt-
ing point for which we have determined the tem-
perature to be 184°.

OAK RIDGE NATIONAL LABORATORY
Oaxk Ripce, TENN. REcCEIVED OCTOBER 5, 1950
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